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Application of laser capture microdissection 
combined with two-dimensional electrophoresis for 
the discovery of differentially regulated proteins in 
pancreatic ductal adenocarcinoma 

Pancreatic ductal adenocarcinoma (PDAC) is the most lethal of all the common malig- 
nancies and markers for early detection or targets for treatment of this disease are 
urgently required. The disease is characterised by a strong stromal response, with can- 
cer cells usually representing a relatively small proportion of the cells in the tumor mass. 
We therefore performed laser capture microdissection (LCM) to enrich for both normal 
and malignant pancreatic ductal epithelial cells. Proteins extracted from these cells were 
then separated by two-dimensional gel electrophoresis (2-DE). The limited amounts of 
protein in the LCM procured samples necessitated the detection of 2-DE resolved pro- 
teins by silver staining. Consequently, loading equivalent amounts of protein onto gels 
was essential. However, we found that conventional means of measuring total protein in 
the samples were not sufficiently accurate. We therefore adopted a strategy in which the 
samples were first separated by one-dimensional sodium dodecyl sulphate-polyacryl- 
amide gel electrophoresis, stained with silver stain and subjected to densitometry. 
Evaluation of the staining intensity was then used to normalise the samples. We found 
that the protein profiles from undissected normal pancreas and LCM -acquired non- 
malignant ductal epithelial cells from the same tissue block were different, underpinning 
the value of LCM in our analysis. The comparisons of protein profiles from nonmalignant 
and malignant ductal epithelial cells revealed nine protein spots that were consistently 
differentially regulated. Five of these proteins showed increased expression in tumor 
cells while four showed diminished expression in these cells. One of the proteins display- 
ing enhanced expression in tumor ceils was identified as the calcium-binding protein, 
S100A6. To determine the incidence of S100A6 overexpressron in pancreatic cancer! 
we earned out immunohistochemical analysis on sections from a pancreas cancer tissue 
array containing 1 74 duplicate normal and malignant pancreatic tissue samples, from 46 
pancreas cancer patients. Normal pancreatic ductal epithelia were either devoid of 
detectable S1 00A6 or showed weak expression only. Moderately or poorly differentiated x 
tumors, by contrast, showed a higher incidence and a higher level of S1 00A6 expression. 
These observations indicate that the combination of LCM with 2-DE provides an effec- 
tive strategy to discover proteins that are differentially expressed in PDAC. 

Keywords: Differential protein expression / Laser capture microdissection / Pancreatic cancer 

PRO 0466 



1 Introduction 

Pancreatic ductal adenocarcinoma (PDAC) is one of the 
leading causes of cancer deaths in the Western world, 
accounting for 40000 deaths per year in Europe and 
28000 deaths per year in the USA [1 , 2], Outside of very 
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select groups (familial cancer syndromes and chronic 
and hereditary pancreatitis) there is currently no valid 
approach for screening for the disease [3] and the cancer 
is almost invariably advanced when diagnosed [4, 5J. The 
overall long-term survival is consequently bleak at 0.4% 
to < 5% [6, 7]. Earlier diagnosis and new treatments are 
therefore desperately needed for PDAC. 

Proteomic technologies, including high resolution two- 
dimensional electrophoresis (2-DE), and advances in 
mass spectrometry, are providing new opportunities for 
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uncovering markers and/or therapeutic targets for cancer 
[8, 9] and should be explored for pancreatic cancer. More- 
over, the identification of proteins whose expression is 
altered in pancreatic cancer has the potential to reveal 
important mechanisms underlying this disease. 

A major obstacle, however, to the analysis of pancreatic 
cancer specimens is the degree of tissue heterogeneity. 
The fully malignant stage of pancreatic cancer almost 
invariably elicits a vigorous, non-neoplastic stromal re- 
sponse with cancer cells representing on average, 25% 
of the cells in the tumor [10]. Moreover, normal ductal 
epithelial cells, from which the cancer is believed to arise, 
represent as little as 5% of the normal pancreas. Various 
approaches have been employed recently in order to ob- 
tain cell populations enriched tor nonmaiignant or malig- 
nant pancreatic ductal cells for the purposes of differen- 
tial gene expression analyses [11-14], These have in- 
cluded short-term cultures of pancreatic ductal epithelial 
ceils [11, 12], fine needle aspiration of cancer cells [13] 
and laser capture microdissection (LCM) [14]. Each of 
these approaches has its merits and its disadvantages. 
Culturing cells, in effect, increases the quantity of sample 
material, which can be limited. However, even short-term 
culture may result in unavoidable changes in protein 
expression [1 5, 1 6], Fine needle aspiration of cancer cells 
is efficient, however control nonmaiignant cells cannot be 
acquired in the same manner. Finally, while LCM effec- 
tively provides enriched populations of target ceils, it 
requires a considerable commitment of time and is labor 
intensive. 

Although previous studies have reported changes in 
mRNA levels that accompany PDAC [1 1 -1 4], a proteom - 
tc approach to the analysis of protein expression in pri- 
mary pancreas tissue samples has not been reported. 
We have therefore examined protein expression in non- 
malignant and in malignant pancreatic ductal epithelia. 
Samples were obtained from primary human biopsy 
material and LCM was used to enrich for ductal epithelial 
cells. Proteins extracted from these cells were resolved 
by 2-DE. Research involving other cancers, including 
cervical [17], prostate [18], breast [19], ovarian [20] and 
oesophageal [21] has demonstrated the compatibility of 
LCM with 2-DE. 

We show that frozen pancreas specimens are amenable 
to proteomic analysis. We demonstrate that enrichment 
of the ductal epithelial cells by LCM facilitated the direct 
comparison between the protein profiles of the normal 
and tumor cell type. Our analyses lead to the detec- 
tion of five proteins that were up-regulated in tumor 
cells and four that were down-regulated in these celts. 
Among those up-regulated, we identified annexin III and 
S100A6. Lactate dehydrogenase (LDH) and trypsin, by 
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contrast, were more abundant in normal ductal epithelia 
than in tumor cells. We examined the up-regulation of 
S1 00A6 in pancreas cancer cells by immunohistochemis- 
try and demonstrated that moderately or poorly differen- 
tiated pancreas tumors contain high levels of S100A6 
compared with their normal counterparts. Our observa- 
tions suggest that the combination of LCM with 2 : DE 
and mass spectrometry can be used for the detection of 
proteins that are differentially expressed between normal 
and malignant pancreatic ductal epithelial cells. 



2 Materials and methods 

2.1 Tissue preparation and staining 

Pancreatectomy specimens were obtained following sur- 
gery, with full ethical consent, and examined by a spe- 
cialist pathologist. Areas of tissue, considered upon 
macroscopic viewing to contain malignant or nonmaiig- 
nant pancreas were selected, cryofixed in liquid isopen- 
tane (~160°C) cooled by liquid nitrogen, and stored at 
-80°C. Occasionally, samples were obtained that were 
preserved by snap freezing in liquid nitrogen prior to stor- 
age in liquid nitrogen. For microscopic examination, 5 pm 
thick frozen sections were cut onto slides, stained with 
haematoxylin and eosin (H & E), as described below and 
examined by a pathologist. Only samples with a histologi- 
cal diagnosis of PDAC were included in the study. Of 
necessity, samples with few ductal epithelial cells in the 
nonmaiignant component were excluded. For staining, 
7 jam thick frozen sections were cut onto slides (that 
were precleaned using detergent, washed with deionised 
water and oven-dried at 40°C) using a Bright (Huntingdon, 
Cambs, UK) OTF 5000 cryostat (chamber temperature 
~25°C). Sections were placed on dry ice or kept in the 
cryostat chamber prior to staining. 

H & E staining was carried out only for monitoring of tissue 
sections and was not used in conjunction with LCM. 
Sections were fixed {70% ethanol for 1 min), H & E stained 
(Ehrlich's haematoxylin for 30 s, Scott tap water for 10 s, 
eosin for 10 s) and dehydrated (70% ethanol for 30 s, 
followed by 3 x 100% ethanol eosin for 10 s, xylene .2 x 
for 5 min). Methyl green staining of the sections used for 
LCM was as follows: sections were fixed (70% ethanol for 
1 min), washed in deionised water for 15-30 s, stained 
with violet-free methyl green (2% w/v in deionised water) 
for 30 s, rinsed twice in deionised water and dehydrated 
(70% ethanol for 30 s, 95% ethanol for 30 s, 2 x 100% 
ethanol for 30 s, xylene 2 x for 5 min). Complete protease 
inhibitor cocktail tablets (Roche) were added to the stain- 
ing solutions for both protocols (one tablet/80 mL solu- 
tion). 
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2.2 Laser capture microdissection 

Following staining with methyl green, sections were air- 
dried and microdissected using an Arcturus PixCetl I) 
system (Arcturus, Mountain View, CA, USA) with a 7.5 
laser beam. Power and pulse duration were adjusted as 
required during microdissection. These were typically 
70 mW and 3-10 ms respectively. Following optimization 
of conditions, an estimated 50000 cells were laser cap- 
tured using an average of 25 000 pulses and the times for 
LCM of normal and tumor ductal cells were approximately 
14 h and 4 h, respectively. Microdissection caps were 
inserted into 0.5 mL microcentrifuge tubes containing 
50 of lysis buffer (7 m urea, 2 m thiourea, 4% CHAPS, 
40 mM Tris base) and the cells solubilized by inversion 
of the tubes for 30 min at room temperature, followed 
by vortex-mixing for 1 5 s and a brief puise-centrifugation 
at 12 000g. Tissue from multiple caps was extracted 
into the same aliquot of lysis buffer until sufficient mate- 
rial had been collected. Where necessary, tubes were 
stored at -80°C until further use. In total, five or six 
tubes, each containing 50 jiL of lysis buffer were used 
for each specimen, with the lysates from each tube 
being pooled. 



2.3 Estimation of sample protein concentrations 
relative to a reference sample iysate 

A protein jysate, preparedfrom an undissected pancreas 
tumor specimen, was passed through a 21 gauge needle 
to reduce its viscosity, ultracentrifuged and the superna- 
tant aliquoted and stored at -80°C. This lysate was then 
tested, by separating increasing quantities of it in two 
dimensions, as described below, to determine the quan- 
tity required to produce a high quality silver-stained gel 
image with an appropriate number of protein features 
(-800 spots). This quantity of lysate was then used as 
a reference against which relative sample protein con- 
centrations of LCM procured material were estimated. 
To do this, two-fold dilution series, from undiluted to a 
1 -in-1 6 dilution, of the test samples and reference sample 
were prepared in lysis buffer. All samples were then mixed 
with two volumes of sample loading buffer {62.5 mM Tris- 
HCI, pH 6.8, 25% w/v glycerol, 2% w/v SDS, 5% v/v 
2-mercaptoethanol) containing a trace of bromophenol 
blue and heated at 95°C for 10 min. Test and reference 
samples were then subjected to 1-D SDS-PAGE on small 
format gels (10% separating and 4% stacking gels) at a 
constant voltage of 150 V. Gels were silver stained as 
described in Section 2.5 with the exception that 1% 
acetic acid was used to stop development, and no further 
washing was carried out. Gels were densitometrically 
scanned and analysis using TotalLab software (NonLinear 



Dynamics, Newcastle upon Tyne, UK) was used to inform 
our estimation of relative protein amounts in the test sam- 
ples compared to the reference sample. 

2.4 IEF and second dimension SDS-PAGE 

Samples acquired either from laser captured cells or from 
lysates of whole pancreatic sections were clarified by 
centrifugation at 100 000 g for 30 min at 4°C. Superna- 
tants (250 ixL) were mixed with 1 20 mL of a sample loading 
solution (9 m urea, 2% CHAPS and a trace of bromophe- 
nol blue). IPG buffer (containing carrier ampholytes, pH 
range 3-10 nonlinear; Amersham Biosciences, Uppsala, 
Sweden) was added to a final concentration of 2% v/v. 
IPG focusing strips (IS cm in iengtn, pH range 3-10, non- 
linear; Amersham Biosciences) were passively rehydrated 
overnight at room temperature with 350 jiL of sample mix. 
IEF was carried out on a Multiphor II system (Amersham 
Biosciences), with an initial linear gradient of 0-500 V over 
1 min, then 500-3500 V linearly over 1.5 h, followed by 
3500 V for 5 h 40 min. Prior to the second dimension 
separation, strips were equilibrated in two successive 
buffers, each containing 1.5 m Tris-HCJ (pH 8.8), 6 m urea, 
34.5% v/v glycerol, 2% w/v SDS and a trace of bromo- 
phenol blue. The first buffer also contained 1 % w/v DTT, 
while the second contained 2.5% w/v iodoacetamide. 
Each equilibration was for 15 min with continuous agita- 
tion with 10 mL of buffer per IPG gel. Strips were then 
rinsed in electrophoresis buffer (25 mM Tris base, 192 mM 
glycine and 0.1% w/v SDS), applied to 12% acrylamide 
gels and sealed with melted agarose (0.5% w/v agarose in 
electrophoresis buffer containing a trace of bromophenol 
blue). Electrophoresis was carried out using an Ettan Dait 
II apparatus (Amersham Biosciences), with initial separa- 
tion at a constant 5 W per gel for 30 min followed by 20 W 
per gel until the dye front had migrated approximately 
18 cm at 25°C. The total run time was typically 4-4.5 h. 
Once electrophoresed, gels were transferred to polypro- 
pylene containers and immersed in fixative (40% metha- 
nol, 7% acetic acid, in water), prior to staining. 

2.5 Sliver staining of polyacryiamide gels 

Silver staining was performed as described by Yan era/. 
[22]. Gentle agitation of the gels on a rotary platform was 
used throughout. Gels were fixed in 10% acetic acid, 
40% ethanoi, before sensitization for 30 min in a buffer 
containing 30% v/v ethanoi, 0.2% sodium thiosulphate 
and 0.83 m sodium acetate. Gels were then subjected to 
3x5 min washes with water and subsequently equiii? 
brated with 0.25% w/v silver nitrate for 20 min, rinsed 
twice in water and developed in 2.5% w/v sodium car- 
bonate containing 0.04% v/v formaldehyde (37% soiu- 
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tion). Development was stopped with 40 mM EDTA and . 
gels were washed three times in water, scanned as 
described in Section 2.8 and stored at 4°C. 

2.6 Colloidal Coomassie blue staining of 
polyacrylamide gels 

Coomassie blue staining was performed according to 
Neuhoff et al. [23]. Briefly, gels were stained for three 
hours in a 4:1 mixture of staining solution (containing 
0.1 % w/v Coomassie brilliant blue G250 dye, 2% ortho- 
phosphoric acid and 10% w/v ammonium sulphate) and 
methanol. Gels were destained briefly in a solution con- 
taining 10% v/v acetic acid, 25% v/v methanol, and sub- 
sequently stored in 25% methanol at 4°C. 



2.7 Identification of proteins by MS 

Protein spots of interest were excised from Coomassie 
stained gels and trypsin digested essentially according 
to the method of Courchesne and Patterson [24]. Briefly, 
the excised gel spots were washed in 50% v/v aceto- 
nitrile/25 mM w/v ammonium bicarbonate, pH 7.8, and 
dried in a SpeedVac. The dried gel spots were rehydrated 
with 4-10 jaL digestion buffer (10 ug/mL modified se- 
quencing grade trypsin in 25 mM NH 4 HCO a ) and incu- 
bated overnight at 37°C. The resulting peptides were 
extracted by the addition of 4 water followed by 7 ^L 
30% v/v acetonitrile/0.1 % v/v TFA with mixing and brief 
centrifugation. The supernatants were recovered and 
mixed 1 :1 with matrix (10 mg/mL a-cy a no-4- hydroxy cin- 
namic acid in 50% v/v acetonitrile/50% v/v ethanoi/ 
0.001% v/v TFA) containing adrenocorticotropic hor- 
mone (ACTH, 50 fmoI/^L) and 1 uL of the mixture was 
spotted onto a 96-position stainless steel target. Peptide 
mass fingerprints were obtained semiautomatically on 
a MALDI-TOF mass spectrometer (Micromass, Man- 
chester, UK) and resultant mass lists searched against a 
nonredundant protein database (SWISS-PROT/TrEMBL) 
using ProteinLynx 3.4 software (Micromass). Ivlass lists 
were subsequently used to search the NCBI database 
using MASCOT software (Matrix Science, London UK; 
URUhttp://www.matrixscience.com). 

In some cases the scores obtained for the identification 
of proteins were not sufficiently high'to provide a reliable 
identification. In these cases the digests were subse- 
quently analyzed by M ALD l-TOF/TOF (4700, Applied Bio- 
systems, Foster City, CA, USA) which comprises a MALD! 
source with a 200 Hz frequency tripled neodinium yttrium- 
aiuminium-garnet laser operating at 355 nm wavelength. 
For MS mode the ions were accelerated at 20 kV through 
a grid at 14 kV into the first, linear, field-free drift region, 
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through the empty, turned-off collision cell, through the 
second source (where they do not experience any re- 
acceleration) through the second, linear, field-free drift 
region, into the reflector and thence to a microchannel 
plate detector. For MS/MS the ions were accelerated at 
8 kV through a grid operating at approximately 6.7 kV 
into the first, linear, field-free drift region. In this region 
the ions passed through a timed-ion-selector device 
which was used to select one ion from the mixture of 
ions of different mass. The selected ions were subse- 
quently passed through a retarding lens where they were 
decelerated into the collision cell (at 1 kV with air at a 
pressure of 1 x I0r 6 Torr). After passing through the colli- 
sion cell the ions were re-accelerated in the second 
source region at 14 kV, passed through the second, field- 
free, linear drift region, into the reflector and finally to the 
detector. 



2.8 Scanning and analysis of gels 

Gel images were obtained using a GS-710 scanner, at 
300 dpi resolution using the green channel for silver- 
stained gels and the red channel for Coomassie blue- 
stained gels (Bio-Rad, Hercules, CA, USA). Data were 
acquired using PDQuest software (Bio-Rad, V6.2). Image 
analysis, in particular to determine differences between 
gels displaying proteins from nonmalignant and malignant 
cells, was initially carried out manually. Digital images of 
each subregion of the gels were enlarged and examined 
by three independent evaluators. Differences identified 
on images were compared against the actual gels to 
exclude staining and image acquisition artefacts. Images 
(exported to TIFF format files from PDQuest) were also 
subjected to automated analysis using Progenesis Work- 
station software V2002.1 (NonLinear Dynamics). 



2.9 Immunohistochemical analysis of pancreas 
samples 

A rabbit antihuman S100A6 antibody, raised against puri- 
fied recombinant human S100A6 monomer expressed in 
Escherichia co//, was obtained from DAKO (Ely, Cambs, 
UK). It was used to perform immunohistochemical analy- 
sis on paraffin embedded sections from pancreas speci- 
mens used in the 2DE-LCM analysis and also on a pan- 
creaiic cancer tissue microarray generated at the Liver- 
poo! Cancer Research Tissue Bank, Liverpool, UK, using 
the method described by Kononen et al [25]. The pan- 
creatic cancer tissue microarray contains matched sets 
of tumor and non-neopiastic pancreatic tissue samples 
from 41 pancreatic cancer patients treated at the Royal 
Liverpool University Hospital between 1994 and 2001. 
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In addition pancreatic cancer tissue samples from five 
patients are included with no matched non- neoplastic 
samples. Each sample is present in duplicate, making 
1 74 pancreatic tissue samples in ail. 

Five micron thick sections of pancreas specimens or the 
pancreatic cancer tissue microarray were deparaffinized 
in xylene and then rehydrated through alcohol to distilled 
water. Antigen retrieval, as recommended by the suppliers 
of the S100A6 antibody (DAKO) was performed by pres- 
sure-cooking the slides in 10 mM EDTA (pH 7.4) for 3 min. 
immunohistochemical staining was performed using an 
automatic staining system (Universal Staining System; 
DAKO). Slides were incubated for 40 min with anti- 
Si 00A6 antibody (0.25 jig/mL, DAKO), rinsed in PBS and 
the antibody localization visualized by incubating sections 
with a horse radish peroxidase conjugated secondary anti- 
body for 30 min followed by diaminobenzidine (DAKO) for 
1 0 min. Slides were counterstained with haematoxylin for 
5 min, dehydrated with 1 00% ethanol and xylene and cov- 
erslips mounted with DPX mountant (BDH, Poole, Dorset, 
UK). Negative controls were incubated only with the 
labelled secondary antibody. 

Scoring of the tissue microarray sections was performed 
by a specialist histopathologist The information recorded 
included the types of cells showing S100A6 staining, the 
intensity of staining (- = negative; + = weak; ++ = inter- 
mediate; + + + = strong); and the subcellular location 
of staining (nuclear, cytoplasmic). Chi square tests and 
contingency tests were used for statistical analysis and 
p < 0.05 was considered to indicate a significant differ- 
ence. 



3 Results 

3.1 Parameters affecting tissue selection and 
preservation for LCM 

We performed LCM in order to enrich for normal and 
malignant ductal epithelial cells. However, the scarcity of 
normal ductal epithelial ceils in the nonmalignant compo- 
nent of the pancreas was a limiting factor and determined 
the suitability of samples for the study. Nonmalignant 
samples that were archived or sampled without effort 
to select for regions containing macroscopic duct(s) 
only rarely contained sufficient ductal epithelial cells and 
greatly reduced the number of matched samples avail- 
able. Another factor, important to the success of the 
LCM, was the method of preservation of pancreas sam- 
ples. Cryofixation of samples in cooled liquid isopentane 
(see Section 2.1) resulted in high quality preservation of 
histology compared with that observed in samples that 
were snap-frozen in liquid nitrogen. The disruption to 



tissue morphology in some snap-frozen samples pre- 
cluded accurate laser capture and resulted in the ex- 
clusion of these samples from the study. 

3.2 Estimation of relative protein concentration 
using a reference protein lysate and 1-D 
SDS-PAGE 

Our determination of differentially regulated proteins was 
made on the basis of differences in the intensity of given 
spots on selected gels. Given the limited dynamic range 
and linearity of silver staining, it was therefore important 
that comparisons were made between gels that had simi- 
lar amounts of loaded protein. The minute quantities of 
protein in our laser capture samples combined with the 
incompatibility of the lysis buffer with conventional protein 
assays rendered accurate protein estimation difficult. We 
therefore devised an assay that enabled us (1) to ensure 
that we had sufficient protein in our samples to yield good 
quality silver-stained gel images for analysis, and (2) to 
normalize paired samples sets for loading. Firstly, the 
quantity of a reference sample lysate (see Section 2.3) 
that was required to produce a high quality silver-stained 
gel image with approximately 800 protein features was 
determined. An example of the image obtained is shown 
in Fig. 1 B. Serial dilutions of this reference sample and of 
laser captured samples were then subjected to 1-D SDS- 
PAGE and silver stained, as shown in Fig. 1A. Densito- 
metry analysis of entire lanes and individual protein 
bands was then used to determine the relative amounts 
of protein present in each sample. For the examples 
shown in Fig. 1A, it was estimated that the tumor sample 
was 1,5-fold more concentrated than the normal sample 
and 2-D gels (shown in Fig. 1 C) were loaded accordingly. 
Gels were stained in parallel and show similar overall 
spot intensities. This method was applied to three sets of 
samples (two patient-matched samples (sets A and B) 
and four unmatched samples (set C), shown in Fig. 3). 
Since malignant ductal epithelial cells were abundant in 
tumor samples, the number of normal ductal epithelial 
cells available for LCM in the nonmalignant samples, 
was for each set of samples, the determinant of the quan- 
tity of protein processed. In the case of one set (Fig. 3, 
set B) normal ductal epithelial cells were abundant. Thus 
a greater level of protein was isolated and loaded on gels 
in this set than for the three other sets of samples. 

3.3 The profile of LCM-procured pancreatic 
ductal epithelial ceils differed from that of 

undissected pancreas 

The benefits of LCM in terms of enrichment of proteins 
have been reported to be tissue-specific [26]. It was 
therefore necessary to determine whether the protein pro- 
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files of undissected normal or undissected malignant 
pancreas differed from those of dissected normal or dis- 
sected malignant pancreatic ductal epithelia. Figure 2 
shows the respective profiles obtained using tissue mate- 
rial from a single patient. The protein profile obtained from 
an undissected cryostat section of nonmaiignant pan- 
creas was appreciably different from that of laser capture 
microdissected nonmaiignant ductal cells (Fig. 2, com- 
pare upper panels). The inset allows closer inspection 
of the center regions of these gels. Several differences, 
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some examples of which are highlighted with arrows, are 
obvious. A comparison of the undissected and dissected 
tumor samples showed that these profiles were more 
similar to each other (Fig. 2, compare Sower panels) than 
were the profiles of undissected and dissected normal 
material. Moreover, normal and malignant dissected duc- 
tal epithelial cell profiles (compare upper and lower right 
panels) were more similar to each other than undissected 
and dissected normal profiles. Thus, our data support the 
need to perform LCM to obtain pancreatic ductal epithe- 





Figure 2. Silver stained gel images from a matched set of normal and malignant pancreatic speci- 
mens, where proteins were extracted from undissected tissue or from dissected normal ductal 
epithelia or dissected malignant cells, as indicated. A similar area of each gel (inset) is magnified 
and examples of protein spots with substantially different intensities between undissected and dis- 
sected normal samples are indicated with arrows. 
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lial cells, particularly in the case of nonmalignant samples 
and indicate that LCM will avoid the follow-up of many 
proteins that are expressed in cells other than ductal ceils. 



3.4 Normal and malignant pancreatic ductal 
epithelial cells have similar protein profiles 
with small numbers of differences 

We performed LCM and 2-DE for three sets of samples, 
two patient-matched sample sets, (Fig. 3, set A and set B) 
and four unmatched samples (Fig, 3, set C) and exam- 



ined, manually, each set of gel images for differences in 
spot intensities. Each sample set contained differences 
in the intensities of a number of spots. Some of the differ- 
ences found within a set were not however, apparent in 
other cases. Nonetheless, analysis of the four nonmalig- 
nant and four tumor gels revealed nine protein spots 
whose intensities varied substantially and consistently 
between normal and tumor. The locations of these spots 
are shown in Fig. 3. Five of these spots fall in a small 
region in the center of the gels and can be seen for each 
gel in Fig. 3b. Image analysis software (ImageMaster; 
Amersham Biosciences) allowed the relative spot volu- 
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Figure 3 Gei images showing the positions of the nine protein spots identified as differentially regu- 
lated (a) Whole laser captured tumor gel. Note that the arrow for spot 8, down-regulated in tumor and 
undetected on this particular gei, indicates the approximate expected location of this protein 
(b) Images from four dissected normal and four dissected tumor gels show the same part of each 
gel as indicated in (a). Sets A and B are from patient-matched normal and tumor samples. Set C 
is from four unmatched patients. Arrows indicate five protein spots that are differenttally regulated 
between normal and tumor samples in all cases. Quantitative analysis for all spots is presented in 
Fig. 4. Alll s annexin III; LDH = lactate dehydrogenase. 
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Spotl (S100A6) Spot{s)2 Spot 3 (Annexin Hi) 




Figure 4. Graphs showing relative spot volumes from normal (white bars) and tumor {grey bars) 
samples for each of nine spots identified as differentially expressed. Each graph shows data from 
three experimental data sets A, B and C. Sets A and B are from patient-matched normal and tumor 
samples. Set C is from four unmatched patients. Within each set the relative spot volume for the most 
intense spot was arbitrarily set to one. Corresponding images of the respective spots from each of the 
gels used in the study are shown. Spot 2 appears either as a unique spot or as a doublet. Both spots 
of the doublet have been shown by MALDI-TOF to contain the same protein. Spot volumes for Spot 2 
are presented where appropriate as the sum of the volumes for the two spots, nd = not detected; LDH 
= lactate dehydrogenase. 



mes of each of the nine spots to be determined {Fig. 4). 
This analysis confirmed, for each spot, our visual assess- 
ment. 



3.5 Strategy for the identification of proteins 

Identification of proteins from 2-D gels of pancreatic tis- 
sue was undertaken by peptide mass fingerprinting using 
MALDI-TOF mass and MALDI-TOF/TOF based MS/MS 
analysis. The limited amounts of material available from 
silver-stained gels of laser-captured proteins are largely 
insufficient, in our hands, to routinely give reliable identifi- 
cations by MALDI-TOF. Thus, proteins of interest on sil- 
ver-stained gels of microdissected samples have been 
matched to the equivalent proteins spots from either sil- 
ver stained or Coomassle blue stained gels prepared from 



large quantities of whole (i.e. undissected) tissue sections 
from either control tissue or tissue enriched in tumor. The 
latter spots have then been processed for MALDI-TOF 
MS or MS/MS. However, several factors need to be con- 
sidered. There are substantial differences between spot 
profiles on microdissected and whole tissue sample gels 
{Fig. 2), Additionally, profiles differ markedly between 
silver and Coomassie blue stained gels. Thus, matching 
of spots on microdissected gels to the equivalent ones 
derived from whole sections is not a trivial task and even 
in cases where matches seem clear, caution must be 
exercised before assigning identification to a specific 
protein spot. Furthermore, in some cases MALDI-TOF 
data, even from proteins recovered from Coomassie blue 
stained gels, were not adequate to identify the proteins. 
Hence, in such cases, we have undertaken analysis using 
MS/MS by MALDI-TOF/TOF to confirm identifications. 
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One protein that was up-regulated in tumor samples was 
potentially 'identified' by MALDI-TOF as the calcium-bind- 
ing protein, S100A6 (accession number NP_055439) al- 
though the score was below significance. MALDI-TOF/ 
TOF analysis of this same digest produced MS data from 
which several MS/MS spectra were acquired (data not 
shown) such that the protein was identified as S100A6 
with very high confidence (MASCOT score of 265). Using 
this approach a subset of differentially regulated proteins 
has been identified. These are annexin 111 (accession num- 
ber NP_005130), lactate dehydrogenase (CAA68701) and 
trypsin (NP__002760). We are currently in the process of 
identifying the other differentially regulated proteins. 
In each case, however, independent validation of the 
changes in protein expression revealed by the 2-D gel 
analysis will be required. 



3.6 Independent validation of the expression of 
S100A6 

The expression of S100A6 in normal and malignant 
pancreatic cancer samples was examined immunohisto- 
chemically using a commercially available polyclonal 
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antibody raised against recombinant human S100A6. 
The S100 family of proteins comprises 20 different family 
members [27] with 25-65% sequence homology. While 
the company who produced the antibody (DAKO) ruled 
out cross-reactivity with S100A1, S100A2, S100A4 and 
S100B, we were concerned that cross-reactivity with 
other family members could mislead our data analysis. 
We have identified, by MALDI-TOF, other S100 family 
members present on colloidal Coomassie blue stained 
2-D gels containing proteins extracted from pancreas 
samples and are thus aware that they are present in our 
samples. We therefore carried out Western analysis on a 
pancreas tumor protein extract separated in two dimen- 
sions. A single spot, correctly positioned for S1 00A6 was 
observed (not shown). Thus no cross-reactivity with other 
S100 family members on our gels was detected. We then 
used this antibody for the detection of S1 00A6 on a tissue 
array comprising a series of normal and malignant pan- 
creatic specimens on a single histological slide. Selected 
sections, showing a range of staining patterns in normal 
* and tumor tissue, stained for S100A6 are shown in Fig. 5. 
Significantly, no S100A6 expression was detected in 
acinar cells or islet ceils of the pancreas and there was 
only very occasional weak staining in stromal cells. 





Normal 



Well differentiated 





Moderately differentiated Poorly differentiated 



Figure 5. Photomicrographs showing selected sections from a pancreatic tissue array, immuno- 
histochemically stained for S1 00A6. 
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Table 1. Summary of immunohistochemica! data from the tissue array. 
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Since our 2-D gels contained proteins derived from nor- 
mal or malignant ductal epithelial ceils, we were particu- 
larly interested to determine whether these cells ex- 
pressed S100A6. The samples on our tissue array fell 
into five histological categories: normal, pancreatitis (not 
reported in this study), well differentiated tumor, moder- 
ately differentiated tumor, or poorly differentiated tumor. 
The degree of staining in the cytoplasmic (C) and nuclear 
(N) compartment of the ductal epithelia, or tumor cells in 
each of the cases in these categories was assessed and 
the results are shown in Table I. Normal ductal epithelial 
cells were devoid of detectable S1 0OA6 staining in 55% 
of cases (10/18). Moreover, in the eight cases where 
staining was detected, it was for the most part (5/8 
cases), weak and in the nuclear compartment onfy. Of 
note, no normal ducts exhibited strong S10OA6 stain- 
ing. The pattern of S100A6 expression in well differen- 
tiated tumor ceils was somewhat similar, with approxi- 
mately half (5/11) of the cases lacking S100A6 staining 
and none of the cases displaying strong staining. Statis- 
tical analysis showed no evidence for a difference in 
either cytoplasmic or nuclear staining (Chi Square test: 
p a 0.172 and 0.139 respectively) in normal ductal epi- 
thelial cells versus cancer cells in well differentiated 
tumors. 

The result was different however in the cases of moder- 
ately and poorly differentiated tumors. In both these cate- 
gories, 81.8% of cases (18/22 and 9/11; moderately and 
poorly differentiated tumors respectively) showed cyto- 
plasmic staining compared with only 17% of normal 
cases (3/18). These differences were found to be statisti- 
cally significant (Chi square test: p = 0,0002 and 0.002 for 
moderately and poorly differentiated respectively com- 
pared to normal). Likewise, nuclear staining was elevated 
in these tumor categories compared to normal ductal 



epithelia. Moderately differentiated cases (77.3%, 17/22) 
and 72.7% of poorly differentiated (8/11) cases showed 
nuclear staining compared to 44.4% (8/18) of normal 
cases (Chi square test: p = 0.0002 and 0.023 for moder- 
ately and poorly differentiated tumors respectively com- 
pared to normal). Furthermore, a considerable proportion 
of moderately differentiated tumors (1 7/22) and poorly dif- 
ferentiated tumors (7/1 1) showed intermediate or strong 
nuclear staining compared with only 2/18 cases contain- 
ing normal ducts. These data show that the profile of 
S100A6 expression in normal ducts is considerably 
different to that in moderately or poorly differentiated 
tumors. 



4 Discussion 

4.1 LCM facilitated analysis of protein profiles 
from pancreatic ductal epithelial ceils 

Despite much progress in uncovering the molecular 
mechanisms underlying pancreatic ductal adenocarci- 
noma, it remains a deadly disease with few therapeutic 
options. In this study we have examined whether a prote- 
omic approach that investigated the differences in protein 
profiles between normal and malignant pancreatic sam- 
ples could feasibly uncover proteins that are differentially 
expressed in these tissues. It is hoped that the identifica- 
tion of such proteins will enhance our understanding of 
this disease or provide early diagnostic or therapeutic 
markers for it. The choice of starting material was a criti- 
cal one. PDAC accounts for 90% of all pancreatic malig- 
nancies and is the most aggressive malignancy of the 
pancreas. It arises in the pancreatic ducts and it is 
believed that the transformation of normal ductal ceils is 
at the origin of this cancer. Comparisons between protein 
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profiles of undissected samples are of course possible. 
However, the numbers of normal and malignant cells in 
our samples vary substantially and are often small in com- 
parison to the total cell population. Our data showed dif- 
ferences between undissected and dissected samples, 
particularly in the case of normal samples. This endorses 
the necessity to perform LCM on pancreas specimens as 
part of a study to uncover proteins expressed differen- 
tially between normal and malignant ductal epithelia and 
is supported by studies of other cancers [19-21]. We 
acknowledge however, the significance of the other cellu- 
lar components of the pancreas. It is known, for instance, 
that stroma! cells play an important role in the pathogen- 
esis of pancreatic cancer and it is likely that protein ex- 
pression profiles In stromal ceils will increase our under- 
standing of this disease. 



4.2 Comparisons of equally loaded silver-staf ned 
gels showed consistent differences 

Silver staining has a limited dynamic range and relatively 
poor linearity. However, its sensitivity is unmatched by 
any other currently available method. Quantitative com- 
parisons between spot intensities on different gels would 
be much easier if a more linear staining system was avail- 
able. We compared the fluorescent dye, SYPRO Ruby 
(Eugene, OR, USA) with silver stain for staining our 2-D 
gels. We found that SYPRO Ruby staining led to the 
detection of only a few protein spots (about 40-50) when 
similar amounts of protein to those available from laser 
captured samples were resolved (data not shown). This 
compared with approximately 800 spots detected with 
silver staining. Given the limited dynamic range and line- 
arity of silver staining, it was important that comparisons 
were made between gels that have had equal amounts 
of loaded protein. The low concentrations of proteins 
available to us, combined with the presence of both a 
detergent and a reducing agent in the sample buffer 
rendered the use of common protein assays difficult. 
The method that we have used in the present work, based 
on SDS-PAGE, has enabled us to determine the relative 
protein concentrations in LCM derived samples against a 
reference sample and ensured that we had sufficient and 
equal amounts of normal and tumor samples for 2-DE 
separation and visualization. Comparison of the micro- 
dissected samples revealed that in.general the nonmalig- 
nant and malignant protein profiles were very similar. 
Nonetheless, distinct differences were observed. Im- 
portantly, at least nine of these differences were con- 
served in four normal and four tumor samples. These 
included LDH and trypsin that were consistently less 
abundant in tumor cells than in normal cells, and annextn 
ill and S100A6 that were consistently more abundant 
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in tumor cells than in normal cells. While we have not yet 
further characterized the expression of trypsin, LDH and 
annexin ill we have examined S100A6 expression in 
greater detail in pancreatic specimens. 



4.3 S100A6 is overexpressed in pancreatic 
cancer cells 

S100A6 is a low molecular mass (10 kDa) Ca 2+ binding 
protein, the crystal structures of which (in the Ca 2 -free 
and Ca 2 *-bound states) are consistent with it being a 
calcium sensor [28]. It belongs to a family of S100 pro- 
teins, members of which are expressed in a cell and 
tissue-specific manner and have been implicated in a 
variety of diseases, including cancer development [29] 
and metastasis [30]. It was first identified as a protein 
whose expression increased in human fibroblasts in 
response to growth factor stimulation [31]. More recently, 
its expression has been shown to increase in the renal 
collecting duct in response to vasopressin, suggesting a 
role in transepithelia! ion transport [32]. It has also been 
implicated in the calcium dependent secretion of insulin 
from pancreatic beta cells [33] and most recently in the 
ubiquitinylation pathway regulating the proteolytic deg- 
radation of 0-catenin [34]. Of relevance to this study, 
S100A6 is overexpressed in several tumors [31, 35, 36]. 
While its function in cancer is unknown, it has been linked 
to tumor progression [35, 36] and metastasis [35-37]. Our 
immunohistochemical analysis of a pancreas cancer tis- 
sue array revealed that the normal ductal cells in 83% of 
cases were devoid of detectable cytoplasmic S100A6, 
while over half lacked nuclear S100A6. In those normal 
ducts that exhibited S100A6 staining, the level was 
weak or intermediate. Well differentiated tumors showed 
slightly more cytoplasmic staining but similar nuclear 
staining. By contrast, moderately and poorly differen- 
tiated pancreatic cancers showed both a greater fre- 
quency and a higher intensity of S100A6 expression. It 
is important to note that the number of cases in the well 
differentiated and the poorly differentiated tumor groups 
was small. However, this pattern of staining potentially 
indicates that S100A6 may be involved in pancreatic 
cancer progression. The function of S100A6 and the 
mechanisms behind its overexpression in pancreatic 
cancer cells is unknown and must be the subject of 
future research. However, it indicates that our proteomic 
approach can uncover changes in protein expression 
that correlate with the malignant pancreatic phenotype. 
While this work was in progress, we have, using micro- 
array technology, also identified S100A6 as highly over- 
expressed at the RNA level in pancreatic adenocarci- 
noma [38]. 
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4.4 Alternative approaches may enable the 
discovery of further differentially expressed 
proteins 

There are some important limitations to the combination 
of the LCM and 2-DE approach that we have taken. Ob- 
taining pancreatic samples with sufficient normal pan- 
creatic ductal cells was not trivial and could be restrictive. 
Moreover, the laser capture procedure is time consuming 
and laborious and yielded small quantities of protein for 
analysis. In effect, we were limited to studying 600-700 
of the most highly abundant pancreatic ductal epithelial 
proteins that can be resolved by 2-DE (hydrophobic pro- 
teins are often poorly resolved). Despite these draw- 
backs, our study was informative. We have found several 
proteins whose expression was consistently altered be- 
tween normal and malignant pancreatic ductal epithelial 
cells. Future developments will undoubtedly improve 
upon the sensitivity of 2-DE. Moreover, alternative prote- 
omic approaches such as surface-enhanced laser de- 
sorption/ionisation mass spectrometry (SELDI- MS) or 
isotope-coded affinity tagging [39] need to be explored 
in pancreatic cancer research, SELDI-MS has already 
been successfully used to identify a potential protein bio- 
marker for PDAC from pancreatic juice [40]. It is also 
suited for use in combination with LCM and could be 
used to complement a 2-DE approach to uncover differ- 
ences between the malignant and nonmaiignant cells that 
are not detected with 2-DE and wee versa. 

5 ConcSuding remarks 

In conclusion, we have shown that laser capture micro- 
dissection of pancreatic ductal epithelial cells can be 
used to generate sufficient protein of suitable quality for 
2-DE based protein expression profiling. We were able 
to reproducibly detect changes in protein expression 
between nonmaiignant and malignant pancreatic ductal 
epithelial cells. At present, nine such protein/spot 
changes have been detected. One of these proteins was 
identified by MS analysis as S100A6 and its expression 
was validated by an Immunohistochemical approach, 
which showed a pattern of S100A6 expression in pan- 
creatic cancer cells consistent with disease progression. 
The identification and analysis of other potentially differ- 
entially regulated proteins is ongoing, and preliminary 
data suggest that our 2-DE gels are indeed predictive of 
protein expression in normal and malignant pancreatic 
ductal epithelial cells. This indicates that LCM combined 
with 2-DE is a valuable strategy for the identification of 
proteins that are differentially expressed in pancreatic 
cancer. Moreover, the approach could be applied to the 
study of other pancreatic diseases such as pancreatitis 
or other tumor types. 
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